Sick sinus syndrome (SSS) is a generalized abnormality of cardiac impulse formation. Patients with SSS occasionally need temporary pacing during general anesthesia. The most common issue arising in the perioperative period is electromagnetic interference with device function. We report a case of a 66-year-old man who required temporary cardiac pacing during maxillary cyst extirpation using electrocautery.
Introduction
Sick sinus syndrome (SSS) is a generalized abnormality of cardiac impulse formation. Abnormalities encompassed by this syndrome include sinus bradycardia, sinus arrest or exit block, combinations of sinoatrial and atrioventricular nodal conduction disturbances, and atrial tachyarrhythmias [1] [2] . The treatment for symptomatic bradyarrhythmias in patients with SSS is pacemaker placement [1] - [3] . We describe the management of a patient with SSS who required temporary pacing during general anesthesia for maxillofacial surgery.
Written consent was obtained from the patient to publish this report.
* Corresponding author.
Case Report
A 66-year-old man who weighed 73 kg was admitted with a postoperative maxillary cyst in the left maxillary sinus. His medical history included hypertension and SSS (Class Ι), which was given the diagnose by medical physician a few years ago. He had been taking the vasodilator amlodipine for 6 years. The patient's left ventricular function was normal with an ejection fraction of 63%. His preoperative electrocardiogram (ECG) showed sinus bradycardia (45 bpm), a prolonged PR interval of 0.23 seconds and a high voltage in V 1 (0.72 mV) and V 5 (2.87 mV) (Figure 1) . The oral and maxillofacial surgeon consulted the medical doctor in cardiovascular medicine about perioperative management. The medical doctor determined to need for a temporary pacing during general anesthesia because this patient have no subjective symptom at resting or on exercise and there were atrioventricular dissociation due to bradycardia all day, heart rate (HR) at 30 bpm range and cardiac arrest of last for 3 seconds or more all night in Holter ECG monitoring. Before surgery, the medical doctor inserted a temporary pacemaker (Reocor S) into the right ventricular apex via the femoral vein and set at VVI rate 30 ppm, pace 3 V and sense 2 mV. Before anesthetic induction, the patient's HR was 62 bpm and his BP was 158/92 mmHg. Anesthesia was induced with propofol (120 mg) and rocuronium (50 mg); after endotracheal intubation, anesthesia was maintained with sevoflurane (1% -1.2% at gas analysis), remifentanil (0.1 -0.2 mcg/ml/h), and fentanyl (total dose of 300 µg). We usually administer sevoflurane or remifentanil at these concentrations and used remifentanil to be more stable for vital sign for oral and maxillofacial surgery. After intubation, the patient's HR and arterial blood pressure (ABP) gradually decreased; immediately before the operation, his HR was 36 -40 bpm and his BP was 76/38 mm Hg. The pacemaker became active at this point. Ephedrine (6 mg) was administered intravenously, and the patient's HR and ABP were restored to 51 bpm and 108/57 mm Hg, respectively, within 3 minutes. At the same time, local anesthetic (2 mL of 3% prilocaine) was infiltrated into the maxillary submucosa.
Before the operation began, an electrosurgical unit (Conmed Excalibur Plus PC, Aspen Surgical Systems, USA) with a bipolar active electrode had been prepared for cutting and coagulation; a ground plate had been placed on the patient's left lower back. After the operation began, the patient's HR gradually decreased and ventricular pacing was occasionally initiated. We monitored the patient's hemodynamics (HR, 36 -52 bpm; systolic ABP, 76 -120 mm Hg; diastolic ABP, 38 -64 mm Hg) over the subsequent 150 minutes. Ephedrine (4 or 6 mg) was intravenously administered twice more when his HR was below 40 bpm and his systolic ABP was below 80 mm Hg. After each ephedrine injection, the patient's HR increased to 50 -54 bpm and his systolic ABP increased to around 100 mm Hg. The surgery and anesthesia were uneventful, and the pacemaker was withdrawn the day after surgery.
Electrocardiogram shows sinus bradycardia, a prolonged PR interval and a high voltage in V 1 and V 5 .
Discussion
Sick sinus syndrome is characterized by sinus node dysfunction with an atrial rate inappropriate for physiologic requirements because the sinus node is unable to perform its pacemaking function [1] [2] [4] . Sinus node dysfunction can be diagnosed on ECG, and SSS can produce a variety of ECG abnormalities, including atrial bradyarrhythmias, atrial tachyarrhythmias, and alternating bradyarrhythmias and tachyarrythmias [1] . Pacemaker implantation is the treatment of choice for symptomatic bradyarrhythmias in patients with SSS [1] [5] . Symptoms of SSS may be variable, intermittent, and difficult to associate with ECG changes [3] . The most common diagnostic method is Holter monitoring [2] [5]. Our patient's preoperative evaluation, which included Holter monitoring, indicated a need for temporary pacing during general anesthesia for maxillofacial surgery. It is particularly important to carefully consider the details of anesthetic management using temporary cardiac pacing in SSS patients undergoing maxillofacial surgeries involving electrocautery. This is because the most common issue arising in the perioperative period is electromagnetic interference with device function [6] [7] . There are multiple pieces of electrical medical equipment in an operating room, and it is well known that electric cautery can cause interference with the function of cardiac implantable electronic devices (CIEDs). The proper management of potential sources of electromagnetic interference (EMI) associated with electrocautery includes: 1) ensuring that the cautery tool and current return pad are positioned so the current pathway does not pass through or near the CIED pulse generator and leads; 2) avoiding proximity of the cautery's electrical field and the pulse generator or leads; 3) using short, intermittent, and irregular bursts of cautery at the lowest feasible energy levels; and 4) using a bipolar electrocautery system or an ultrasonic (harmonic) scalpel if possible [7] . According to the consensus statement prepared by the American Society of Anesthesiologists [7] , the likelihood of adverse EMI-CIED interactions decreases with increasing distance between the EMI source and the pulse generator, and a critical distance of at least 6 inches is specified.
In our case, an electrosurgical unit with a bipolar active electrode was prepared and placed on the operating bed to the side of the patient's legs; the cautery dispersal plate was placed at the patient's left lower back. The pulse generator could be placed around the patient's right ankle because the temporary pacemaker catheter had been inserted via the femoral vein. Therefore, it was possible to keep the active electrode more than 6 inches from the pacing lead of the pacemaker despite the maxillofacial surgery field. Seo [8] reported the possible occurrence of adverse EMI-CIED interactions in patients undergoing radical left neck dissection and maxillectomy when the electrocautery electrode was placed too close to the pacemaker lead, which was inserted through the right subclavian vein. Stone [6] demonstrated that commonly used anesthetic agents do not affect pacing thresholds, although these sequelae of anesthetic management can (e.g., hyperventilation, significant acid-base and/or electrolyte disturbances, significant volume loads, blood transfusion, myocardial ischemia, and high blood concentrations of local anesthetics).
When severe bradycardia or hypotension occurs, anesthetists usually inject atropine sulfate or an adrenergic agonist intravenously; among adrenergic agonists, the drug of choice is ephedrine hydrochloride [8] [9] . We injected ephedrine hydrochloride three times during general anesthesia when the patient's HR decreased to 36 -40 bpm and his systolic blood pressure fell below 80 mm Hg at the same time. Atropine sulfate was not injected because we wanted to rapidly increase HR and BP at the same time. We prepared to administer atropine sulfate and ephedrine hydrochloride and to continuously infuse isoproterenol or dopamine [8] [9].
Conclusion
We have described the anesthetic management of a patient with SSS who required temporary pacing during general anesthesia for maxillofacial surgery. Use of a temporary pacemaker preoperatively inserted via the femoral vein enabled an uneventful anesthesia and surgery.
